Infants with cyclopia or sirenomelia are born at an approximate rate of 1 in 100 000 births. Eight malformation monitoring systems around the world jointly studied the epidemiology of these rare malformations: 102 infants with cyclopia, 96 with sirenomelia, and one with both conditions were identified among nearly 10-1 million births. Maternal age is somewhat increased for cyclopia, indicating the likely inclusion of some chromosomally abnormal infants which were not identified. About half of the infants are stillborn. There is a female excess among infants with cyclopia. Excess twinning occurred for cyclopia and possibly also for sirenomelia. An analysis of associated malformations indicates the similarity between the two conditions, which is in agreement with recent embryological analysis.
Abstract
Infants with cyclopia or sirenomelia are born at an approximate rate of 1 in 100 000 births. Eight malformation monitoring systems around the world jointly studied the epidemiology of these rare malformations: 102 infants with cyclopia, 96 with sirenomelia, and one with both conditions were identified among nearly 10-1 million births. Maternal age is somewhat increased for cyclopia, indicating the likely inclusion of some chromosomally abnormal infants which were not identified. About half of the infants are stillborn. There is a female excess among infants with cyclopia. Excess twinning occurred for cyclopia and possibly also for sirenomelia. An analysis of associated malformations indicates the similarity between the two conditions, which is in agreement with recent embryological analysis.
A recent paper' reported an interpretation of cyclopia and symmelia, based on a detailed embryological study of human embryos and published reports. The authors pointed out a number of similarities in the development of these two lethal conditions. They both arise by a failure of lateralisation of rudiments, the early brain rudiment, which gets its laterality from the influence of the prechordal mesoderm,2 and the 'caudal eminence', the caudal continuation of the primitive node and therefore also a basic structure in the development of axial mesoderm. ' Cyclopia is an extreme form of holoprosencephaly, which covers a broad spectrum of conditions from cyclopia to infants who are externally normal but have more or less pronounced disturbance of the pairing of the brain hemispheres. 4 Similarly, symmelia or sirenomelia is an extreme form of a spectrum of malformations which have been summarised as the caudal regression malformation complex that spans sirenomelia to kidney agenesis or even anal atresia.56 The delimitation of holoprosencephaly is difficult4 which is reflected in the fact that data on its prevalence at birth vary considerably. Similarly, the actual prevalence at birth of the caudal regression malformation complex depends on which forms are included, and also on the frequency with which necropsy is performed on infants dying in the neonatal period. However, the two extreme forms, cyclopia and sirenomelia, are easily recognised and usually clearly defined, but both forms are very rare and it is therefore difficult to collect material large enough to permit detailed epidemiological studies.
We have collected such material by using data from eight malformation monitoring systems around the world, all members of the International Clearinghouse for Birth Defects Monitoring Systems,7 and we report some findings on the prevalence at birth, other epidemiological features, and associated malformations.
Material and methods Data were collected from the following eight malformation monitoring systems which will be described very briefly. Australia: a national, population based monitoring system covering some 240 000 annual births. In general the conditions under study are easily defined and clear cut. Two infants with a proboscis and without eyes were reported but not included because they did not fulfil the working definition, even though they actually may represent the most severe forms. Similarly, an infant with rotated lower limbs, and therefore with feet facing backwards, was not included. These few borderline cases do not affect the registered rates much. Fewer than 10% of the cases of each type of malformation were karyotyped (nine with cyclopia, six with sirenomelia).
For each infant information was given (when available) on date of birth, matemal and paternal age at birth, parity, sex, birth weight, survival (stillborn, liveborn dying in the perinatal period, liveborn surviving the perinatal period), necropsy, whether cytogenetic investigation was performed, and multiple birth, in which case sex and status of co-twin or cotriplets. Population data (when available) were also given for these variables.
Stillbirths were not included in the Spanish material until 1980 and in the South American material until 1978. Stillbirth definition varied: in Australia, all stillbirths are registered after the 20th completed week, in Denmark, France, and Sweden after the 28th week, in Italy after 180 days, while in Mexico, Spain, and South America the definition is a birth weight of 500 g or more.
Results

PREVALENCE AT BIRTH
The total number of births which represents the denominator is given in table 1 for each programme. A total of 103 infants with cyclopia was identified. This gives a crude rate of 1-03 per 100000 births, but as roughly onethird of the identified cases were stillbirths and these were not included in part of the South American and Spanish programmes (a total of 873 897 births before inclusion of stillbirths), the rate will be somewhat underestimated. By adding 1/3 of cases for those programmes for that period, the true rate can be estimated to be 1-05 per 100 000.
Similarly, there were 97 infants reported with sirenomelia, which gives a crude rate of 0-96 per 100 000 births, but because about one-third of the cases were stillbirths, the true rate is probably higher (estimated to be 0 99 per 100 000 births).
Fig 1 compares the recorded numbers of cyclopia and sirenomelia in the different programmes. It can be seen that the recorded differences in rate (table 1) may well be explained by random fluctuations. Table 2 shows the recorded number of infants with trisomy 13, how many of them were described with respect to the malformations present, and how many of these had cyclopia. It can be seen that cyclopia occurred in 2-7% of all trisomy 13 infants where malformations were described. As the rate of recorded trisomy 13 is about 1 in 17200, it can be estimated that to the rate of cyclopia described above can be added 0 15 per 100 000 of cyclopia recorded as trisomy 13, giving a total of 1-20 per 100 000. Table 2 Registered infants with trisomy 13 in the programme (not all cases were karyotyped) (rates per 100 000 births). with cyclopia was not known and the co-twin was a microcephalic male. In one pair with a female infant with cyclopia, the sex of the cotwin was not known but it had a congenital hip subluxation. There were two unlike sexed and one like sexed (female) pair with a normal cotwin. In two pairs, no information was available on the co-twin. There was one twin with sirenomelia of unknown sex and with a normal female co-twin and a further two twin pairs without information on the co-twin. Excluding polydactyly, there were 50 cyclopean infants with associated malformations. The malformations involved are shown in table 3. In 10 of them, neural tube defects occurred (six anencephaly, three spina bifida, one encephalocele). Among the 98 sirenomelic infants, 55 were 'isolated', in that there were no associated malformations. Table 3 shows the malformations recorded among the other 43 cases. Among the seven neural tube defects, six were low spina bifida and one was a cervical spina bifida.
It should be noted that one infant had both cyclopia and sirenomelia and has been tabulated under both headings. This infant had sirenomelia with an imperforate anus, cyclopia with microcephaly, and radial agenesis on the right side (fig 4) . Table 3 shows that some of the malformations which are directly associated with one condition also occur with the other, for example, otocephaly and sirenomelia, and anal atresia or kidney malformations and cyclopia. Some relatively rare malformations seem to occur at a high rate in both groups of infants, for example, oesophageal atresia and radial defects. Heart defects Septal defects (VSD, ASD) 
MALFORMATION IN SIBS
We identified 65 sibs born before a proband with cyclopia, one of whom had hydrocephalus. Of 11 sibs born after a proband with cyclopia, none was malformed. We identified 41 sibs born before a proband with sirenomelia, one of whom had a persistent cloaca. Of 10 sibs born after the sirenomelia probands, none had a major malformation.
Discussion
Both conditions studied in this paper are extremely rare. We found an approximate prevalence at birth of 1 in 100 000 for each malformation. In order to study the epidemiology of such rare conditions, data were pooled from a number of malformation monitoring programmes representing more than 10 million births.
Infants with a known chromosome anomaly were excluded, but most were not studied cytogenetically. It has been estimated that about 50% of all infants with holoprosencephaly have a chromosome anomaly,'7 18 but it has been suggested that this percentage is in fact lower. 4 The most common chromosome anomaly associated with holoprosencephaly is trisomy 13 with an overall prevalence at birth in our material of 1 in 17200, but although holoprosencephaly is common in trisomy 13, fewer than 3% of these infants had cyclopia. If chromosomally abnormal cyclopean infants are also included, the prevalence at birth may increase to 1 2 per 100 000.
We found indirect evidence that undetected trisomy 13 cases were included in our material: in cyclopean infants with postaxial polydactyly, a feature of trisomy 13, maternal age was more often above 35 years than in cyclopean infants without polydactyly. Inclusion of unidentified trisomy 13 cases can hardly explain the female excess among cyclopean infants, as the sex ratio of trisomy 13 in our study was close to 10. The problem with inclusion or exclusion of chromosome anomalies is of less significance in relation to sirenomelia as these infants are usually chromosomally normal.
Another source of variation in the recorded rate of cyclopean or sirenomelic infants is the inclusion/exclusion of stillbirths in the study and the definition of stillbirths when included. About one-third of all these infants are stillborn and when stillbirths are not included in the material, the prevalence at birth will be underestimated. We estimated that the prevalence at birth of cyclopia is about 1-2 in 100 000 and of sirenomelia 1 05 per 100 000. We found no convincing variation in the recorded rates between the programmes, which probably indicates that a variable inclusion of chromosomally abnormal cases does not affect the estimates much.
We found some, but not convincing, evidence of a change in the registered rate with year of birth; however it should be noted that with such rare conditions, moderate changes with time are difficult to quantify.
Unusually, many of the cyclopean infants were twins; given 103 such infants, the expected number of twins would be one or two but we found seven pairs. Among 98 sirenomelic infants three pairs of twins were found. Cyclopia also occurred in dizygotic (unlike sexed) twin pairs and the co-twin was normal except for one pair where it had microcephaly. In a review of published reports, four such pairs were found; in three the co-twin was malformed and only one was normal, but this may be a result of reporting bias.4
As the disturbance leading to cyclopia occurs in early embryonic life, some other effects are inevitable, like a severe holoprosencephalic brain and disturbances of the midface. These are therefore direct consequences of the cyclopean state. Similarly, sirenomelia is (nearly always) associated with malformations of the spine or pelvis, absence of or malformed kidneys (with pulmonary hypoplasia and Potter face as a sequence), absence of external genital organs, and anal atresia.
The presence of neural tube defects with both conditions is expected. The association between anencephaly and cyclopia is well known and has been regarded as an expression of the same basic disturbance in the induction of the neural plate.'9 As the most caudal part of the spine develops from the caudal eminence, the association between low spina bifida and sirenomelia is understandable.
Included in our material is one infant with both cyclopia and sirenomelia. In another sirenomelic case, otocephaly was present, a feature often seen with cyclopia. We also found that malformations which are an obligatory or common consequence of one of the malformation types were often also present with the other type. Furthermore, we found an association between both types of malformation and two relatively rare defects: oesophageal atresia and radial reduction defects. The association between vertebral, anal, oesophagotracheal, and renal/radial defects has been given the acronym VATER20 or (including heart and limb defects) VACTERL.21 There is some evidence22 that cardiac defects do not occur in this complex more often than they occur in any multimalformed infant. It has also been suggested23 that the VATER-like infants and those with the syndrome of caudal regression (where sirenomelia is the extreme form) actually form a continuum. It is therefore of special interest that both radial defects and tracheo-oesophageal defects are common not only with sirenomelia but also with cyclopia. It should also be noted that the presence of oesophageal atresia and radial defects may indicate that undetected cases of trisomy 18 are included in the group studied.
This circumstantial epidemiological evidence supports the notion of O'Rahilly and Muller' that cyclopia and sirenomelia actually have a similar mode of formation, and one could speculate that aetiological or pathogenetic factors could be similar for the two conditions. In both conditions there are reasons to believe that the basic disturbance is in induction processes where central mesoderm is involved and it is possible that other induction processes can also be disturbed in other parts of the body (for example, during limb bud formation). There is actually one teratogenic condition, maternal diabetes, which has been shown to be associated both with the holoprosencephaly-cyclopia complex24 and the caudal regression complex.25 Among the cyclopic infants studied in this paper, maternal diabetes was noted in four instances.
